We report that a single Nitrospira sublineage I OTU performs nitrite oxidation in several full-scale 22 domestic wastewater treatment plants (WWTPs) in the tropics (29-31 ºC). Contrary to the 23 prevailing theory for the relationship between nitrite oxidizing bacteria (NOB) and ammonia 24 oxidizing bacteria (AOB), members of the Nitrospira sublineage I OTU had an apparent half 25 saturation coefficient, Ks(app) lower than that of the full-scale domestic activated sludge cohabitant 26 AOB (0.09 ± 0.02 g O2 m -3 versus 0.3 ± 0.03 g O2 m -3 ). Paradoxically, NOB may thus thrive under 27 conditions of low oxygen supply. Low dissolved oxygen (DO) conditions could enrich for and 28 high aeration inhibit the NOB in a long-term lab-scale reactor. The relative abundance of 29 Nitrospira gradually decreased with increasing DO until it was washed out. Nitritation was 30 sustained even after the DO was lowered subsequently. Based on 3D-fluorescence in situ 31 hybridization (FISH) image analysis, the morphologies of AOB and NOB microcolonies 32 responded to DO levels in accordance with their apparent oxygen half saturation constant Ks (app). 33 When exposed to the same oxygenation level, NOB formed densely packed spherical clusters with 34 a low surface area-to-volume ratio compared to the Nitrosomonas-like AOB clusters, which 35 maintained a porous and non-spherical morphology. Microcolony morphology is thus a way for 36 AOB and NOB to regulate oxygen exposure and sustain the mutualistic interaction. However, 37 short-term high DO exposure can select for AOB and against NOB in full-scale domestic WWTPs 38 and such population dynamics depend on which specific AOB and NOB species predominate 39 under given environmental conditions. 40 41 42 43 (AOB) or archaea (AOA), and nitrite-oxidizing bacteria (NOB), respectively (Bock and Wagner 49 2001, Könneke et al 2005) or directly by complete ammonia oxidizers (comammox) (Daims et al 50 2015, Van Kessel et al 2015)
Introduction 44
Nitrification activates inert reduced inorganic nitrogen (i.e. ammonium) in the presence of oxygen 45 to its oxidized form nitrate via nitrite. It is a crucial step in global biogeochemical nitrogen cycling 46 as well as in biological wastewater treatment (Ward 2011) . Ammonia and nitrite oxidation is catalyzed either in a two-step process by phylogenetically distinct ammonia-oxidizing bacteria would impact oxygen availability and hence each other's activity (Picioreanu et al 2016) . All three 182 activity tests were conducted at DO concentrations of 0.5 ± 0.1, 1.5 ± 0.1, 2.5 ± 0.1, 5.5 ± 0.1 and 183 6.5 ± 0.1 mg O2/L. Additional DO concentrations of 0.2 ± 0.1 and 0.3 ± 0.1 mg O2/L were carried 184 out for the NOB activity test and the simultaneous AOB and NOB activity test, respectively. DO 185 concentration was manually controlled in all batch tests using a gas mixture of N2 and air 186 independently connected to two rotameters. Fresh sludge was collected every 48 h and diluted with 187 effluent from the lab-scale SBR at a 1:1 ratio before each batch experiment. When steady nitritation 188 activity was achieved in the lab-scale SBR, sludge was also collected to perform AOB activity 189 batch test at the aforementioned DO concentrations. Ammonium or nitrite was added at the start Table S2 in the Supporting Information summarizes the stoichiometrics and 206 kinetics of the model, while Table S3 lists Table S2 .
214
Specifically, the NOB biokinetics (i.e., and 2 ) were first calibrated and validated 215 using the NOB activity batch tests conducted on the Plant 3 sludge fed with nitrite at various 216 controlled DO levels (0.2, 0.5, 1.5, 2.5, 5.5 and 6.5 mg/L). On top of the NOB biokinetics obtained, 217 the calibration and validation of the AOB biokinetics (i.e., and 2 ) was then carried out 218 using AOB activity batch tests conducted on Plant 3 sludge fed with ammonium at different DO 219 levels of 0.5, 1.5, 2.5, 5.5 and 6.5 mg/L. The NOB and AOB biokinetics was also validated with Figure 2B ). When the aeration phase was shortened from 60 min to 20 -35 294 min while maintaining the DO set point at 2.0 -2.5 mg O2/L (Table 2) , no apparent change was 295 observed in both the relative abundance of Nitrospira and nitrite production. Nitrospira gradually 296 decreased to below the detection limit in experimental phase VI, when the DO set point was further 297 increased to 4.5 -5.5 mg O2/L, and partial nitritation was achieved with a concomitant increase in 298 final effluent nitrite concentration and the overall nitrite:NOx ratio (Figure 2A and B) . Nitrite experimental phase X (Figure 2A and B, Table 2 ).
304
In addition to Nitrospira, two OTUs annotated to the genera Candidatus Amarilinum and are averages and standard error of the mean from three sampling events).
655 Table 2 Operational parameters at different experimental stages of the lab-scale partial nitritation 
